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Preparation Of PVC-Clay Nanocomposites by
Solution Blending
Dongyan Wang

Department of Chemistry, Marquette University, Milwaukee, WI

Charles A. Wilkie

Department of Chemistry, Marquette University, Milwaukee, WI

Headnote
PVC-clay nanocomposites have been prepared by solution blending of the polymer with both sodium
montmorillonite and an organically modified clay. The nanocomposites have been characterized by X-ray
diffraction and transmission electron microscopy; in all cases the materials are best described as mixed
immiscible-intercalated nanocomposites. Thermogravimetric analysis shows that, in some cases, the onset
temperature of the degradation is enhanced, and the fraction of nonvolatile residue is always decreased. This
decrease in the amount of char indicates a significant change in the degradation pathway of the polymer,
caused by the presence of the clay. For some preparations, the tensile strength and modulus are enhanced, in
agreement with the formation of a partially intercalated structure.

INTRODUCTION
Polymer-clay nanocomposites have been studied for many years (1, 2), especially in the east decade (3). It has
been found that the nano-scale dispersion of minerals, e.g. clay, could greatly improve the thermal and
mechanical properties of the polymer (4-8).
There are three ways to prepare polymer clay nanocomposites: melt compounding, in situ polymerization, or
solution blending. Melt compounding is effective, especially for industrial-scale manufacture of thermoplastic
materials such as polypropylene (9), nylon (101, etc. In situ polymerization is widely used to prepare polymer
layered-silicate (clay) nanocomposites by intercalation of the monomer in the interlayer of the layered gallery
followed by polymerization, leading to either an intercalated or an exfoliated, also known as delaminated,
structure. Examples include the intercalation of styrene monomer to prepare polystyrene-clay nanocomposites
(11, 12), methyl methacrylate to prepare PMMA-clay nanocomposites (13), and c-caprolactam to prepare nylon6-clay nanocomposites (14).
The solution blending technique has been widely used with water-soluble polymers to produce intercalated
nanocomposites (15, 16). One can also effect the intercalation of polymers in the presence of organic solvents.
Polyethylene oxide (PEO) has been successfully intercalated in sodium clay and sodium hectorite by dispersion in
acetonitrile (17). Jeon has studied nitrile-based copolymers and polyethylene-based polymers (18), typically
using sodium montmorillonite that was organically modified by treatment with protonated dodecylamine. Both
X-ray diffraction (XRD) and transmission electron microscopy (TEM) reveal that stacked (intercalated) and
isolated (exfoliated) structures co-exist in the matrix. Ogata (19) prepared poly(lactide) (PLA) and poly(epsiloncaprolactone) (PCL) biodegradable nanocomposites by using distearyl-dimethylammonium-modified
montmorillonite in hot chloroform, but was unable to effect the intercalation of polyester. For polymers that are
infusible and insoluble in organic solvents, prepolymers have been used as precursors that could intercalate into
the layers of the layered silicate and then form the polymer. Polyimide UPI) is an example of this process in
which dodecylammonium-hydrochloride-modified montmorillonite was used with the polyimide precursor and
XRD showed the formation of an exfoliated nanocomposite of PI (20).
Poly(vinyl chloride) (PVC) is one of the most important thermoplastics owing to its wide applications and low
cost. Three reports have appeared on PVC nanocomposites, all prepared by melt compounding (21-23). For the
PVC system, because of its thermal instability, it is necessary to prepare the PVC-clay nanocomposite at low
temperature, and the solution process may provide the most desirable conditions to prevent thermal and
oxidative degradation during the preparation. The polarity of PVC molecules enhances the possibility for
intercalation with the clay and the formation of PVC-clay nanocomposites.
In this paper, we report the preparation of PVC clay nanocomposites by solution blending, using
tetrahydrofuran, THF as the solvent. The layered structure was characterized by XRD and TEM, its thermal
properties were studied by TGA and mechanical properties of the materials were examined.

EXPERIMENTAL
Materials
The sodium clay, Cloisite Na+, and the organically-modified clay, MTEt2, (M: methyl; T: tallow with ~ 65% C 18, ~
30% C 16 and ~ 5% C14; Et: 2-hydroxy ethyl), also known as Cloisite 30B, were gifts from Southern Clay Product,
Inc. Commercial poly(vinyl chloride) (PVC) was purchased from Aldrich Chemical Company, its inherent viscosity
is 0.68 (Vinh 0.68), the corresponding number average molecular weight (Mn) and weight average molecular
weight (Mw) are 35,000 and 62,000 respectively. Dioctyl phthalate (DOP) plasticizer was provided by Eastman
Chemical Company. Zinc Stearate (Zn(O2C18H35)2, 98%) was obtained from Research Chemicals Ltd. and calcium

Stearate (Ca(O2C18H35)2) from Johnson Mathey Company. Tetrahydrofuran UW was purchased from Aldrich
Chemical Company. All materials were used as received.

Preparation of Nanocomposites.
Two procedures were used in the solution blending of PVC-clay nanocomposites. In the first, additives, including
DOP and zinc and calcium stearates, were combined with the PVC and the clay; the second procedure used only
PVC and clay without additional additives. In a typical reaction with additives, 10 grams of PVC, 0.2 g sodium
montmorillonite, 3.5 g DOP, 0.125 g calcium sterate and 0.4 g zinc sterate were mixed with a spatula in a beaker.
For the procedure without additives, only 10 g PVC and 0.2 g clay, either sodium montmorillonite or the
organically-modified clay MTEt2, were mixed with a spatula in a beaker. In either case the mixture was then
transferred to a 250 ml one-neck round bottom flask and 100 ml THF was added and the system was
magnetically stirred for 20 min, until the solution becomes homogenous. The solution was heated to reflux
under a nitrogen atmosphere for 5 hours, followed by evaporation of the solvent with a rotary evaporator. The
solids were then removed, air-dried for several hours, followed by drying in vacuum oven at room temperature
for 24 hours.
In some cases there was no heating: PVC and clay were combined, then dissolved in THF for 30 min. This was the
followed by evaporation of the solvent, air-drying and drying in a vacuum oven, and then annealing at either
90°C or 104°C for 24 or 48 hours. These temperatures were chosen since 90°C is the minimum temperature at
which a change could be observed after a 24 hour annealing time and 104°C is the maximum temperature at
which discoloration of the blend did not occur in the 24 hours period. The last preparative mode did not use
solvent at all. The dry blended PVCclay mixture was simply annealed in vacuum oven at 104°C for 24 hours.
For XRD measurements, the samples were compression molded to 20 X 15 X 1 mm plaques at 170°C to 180°C for
not more than 30 seconds.

Instrumentation.
X-Ray diffraction (XRD) patterns were obtained using a Rigaku Geiger Flex, 2-circle powder diffractometer
equipped with Cu-Kα generator (γ= 1.5404Å). Generator tension is 50 KV and generator current is 20 mA.
Thermogravimetric analysis (TGA) was performed on an Omnitherm 1000 unit under a 30 ml/min flowing
nitrogen atmosphere at a scan rate of 10°C /min from 20°C to 600°C. All TGA experiments were performed twice
and some have been done in triplicate; the temperatures are reproducible to +/-2°C while the amount of nonvolatile residue is reproducible to +/- 2%. Bright field transmission electron microscopy (TEM) images of the
composites were obtained at 60 kV with a Zeiss 10c electron microscope. The samples were ultramicrotomed
with a diamond knife on Riechert-Jung Ultra-Cut E microtome at room temperature to give ~ 70 run thick
sections. The sections were transferred from the knife-edge to 600 hexagonal mesh Cu grids. The contrast
between the layered silicates and the polymer phase was sufficient for imaging, so no heavy metal staining of
sections prior to imaging is required. Mechanical properties were obtained using a SlNTECH 10 (Systems
Integration Technology, Inc) computerized system for material testing at a crosshead speed of 0.2 in/min.

RESULTS AND DISCUSSION
X-Ray Diffraction.
X-Ray diffraction PD) was used to characterize the layered structure of polymer-clay nanocomposites, in which
the changes of 2θ indicate the changes in the gallery space of the clay. In order to compare the solutionblending method with previous work on the melt blending of PVC-clay nanocomposites, the same system was
used, namely that with additives, including DOP and calcium and zinc sterates. Figure 1 shows the XRD pattern

of this solution blended material; one can see that the d-spacing of clay changes in the presence of PVC and as a
result of annealing. The sodium clay gives a diffuse peak centered at about 2θ = 7.
Before annealing, only a small peak can be seen at 2θ = 1.76 (d-spacing 50Å). After annealing, a group of sharp
peaks appear, indicating the formation of an intercalated PVC-sodium clay nanocomposite. The peaks are d001,
d002, d003, and due, respectively, from lower to higher degrees. At the higher annealing temperature, 104°C, the
peak intensity is larger than that at lower temperature, 90°C. These results suggest either that a meta-stable
exfoliated structure results or that the clay is disordered during the solution blending. In either case, during
annealing the PVC molecules reorient, leading to a uniform layered structure, with the appearance of sharp
peaks. Higher temperatures favor this re-orientation, therefore sharper and more intense peaks are obtained at
104°C compared to 90°C annealing. For melt blending with the sodium clay, a peak is observed at the same
position so solution and melt blending give the same result. For melt blending, the peak is obvious with no
annealing (23).
During solution blending, at least two different molecules may intercalate into the gallery space of the clay,
solvent and polymer. It was reported that aniline, pyrone, furan and thiophene (24) could intercalate into the
gallery space of the clay, with the insertion of one to several layers of molecules. Polytetrahydrofuran has also
been investigated (25). For the system studied, DOP may also insert, as shown in previous work from these
laboratories on melt blending (21). In order to know which component or components intercalate into the
gallery space of the clay during solution blending, a system consisting of only PVC and clay was studied.

Flg. 1. XRD patterns for the sodium clay, the nanocomposite formed with PVC by solution blending and this
nanocomposite annealed at two different temperatures.

Fig. 2. XRD patterns of the sodium clay before and after treatment with THF.
Figure 2 shows the XRD pattern after THF treatment on the sodium clay. A broad peak at 2θ = 6-10, the
corresponding d-spacing is 11Å, is seen. The d-spacing of the original clay is 11.7Å. Since there is no change in
the peak position after treatment with THF, it may be concluded that even if THF does intercalate into the clay,
it does so reversibly and is easily removed.

Figure 3 shows the XRD pattern for treatment of PVC and the sodium clay by solution blending, with and without
annealing at 104°C for 24 h. In the presence of PVC, the peak position changes. Before annealing, the peak
position moves to 2θ= 6.15, the d-spacing is 14.4Å this is 2.7Å larger than that of the sodium clay. After
annealing at 104°C for 24 hours, no obvious peaks can be seen.
Recall that in the presence of DOP, before annealing the XRD shows no peaks, but after annealing an
intercalated pattern appears. In the absence of DOP, before annealing, peaks are observed that vanish after
annealing. This result implies that DOP assists in the insertion of polymer molecules into the gallery space of the
clay. The observation that peaks are observed before annealing that vanish after annealing supports some
mixed structure, perhaps a mixed immiscible-intercalated structure. For melt blending (23), a peak is observed
near 2θ = 2 both in the presence and in the absence of DOP. The very small change observed for solution
blending suggests that it is ineffective in the absence of DOP.

Fig. 3. XRD patterns for a sodium clay-PVC nanocomposite from THF with and without annealing.

Fig. 4. XRD results for materials prepared by dissolution or dry blending of PVC and the sodium clay and the
effect of annealing.
The above results show that annealing is an important aspect of the intercalation process. In order to know the
effect of THF on the nanocomposite formation, reactions were performed without heating and without solvent
for the organically modified clay, 30B, and the sodium clay.
Figure 4 shows the XRD results for the sodium clay, both by dissolution in THF without heating and by dry
blending. The peak position of dry blended sample does not change after annealing at 104°C for 24 hrs,
indicating that no nanocomposite is formed. For the system dissolved, but not heated, in THF the XRD peaks
disappear, either with or without annealing. The disappearance of peaks may arise for two reasons, the
formation of an exfoliated structure or disordering of the clay during solution blending.
Surprisingly, for the dry blended sample with the organically-modified clay MTEt2 a broad peak appears at 2θ ∼
2 (d-spacing ∼ 44Å) and a relatively sharp peak at 2θ ∼ 6 (d-spacing - 15Å), indicating that simply annealing a dry
blended sample can lead to changes in d-spacing and possibly produce a nanocomposite. For the dissolution
process, small peaks at 2θ = 2.3 and 5.0 can be seen for un-annealed samples (denoted as 0 hr annealing) and

these peaks become much weaker upon annealing. These results may indicate the formation of a mixed
immiscible-intercalated or exfoliated-intercalated structure.
From these processes, it may be concluded that simple dissolution may assist in the dispersion of the clayPVC
system and that annealing is important.

Fig. 5. XRD results for dissolving and dry blending organically modified clay and the effects of annealing.

Fig. 6. 1EM image of PVC sodium clay nanocomposite without annealing.

Transmission Electron Microscopy.
It is well-known that one cannot describe the state of a nanocomposite by XRD measurements alone and that
TEM, or some other technique that enables one to image the material, is required. Figures 6 and 7 show the
TEM images of a PVC-sodium clay nanocomposite prepared by solution blending in THF without annealing (Mg.
6) and with annealing (Mg. 7). It is quite evident that the clay is not nanodispersed but it is congregated in a
particular area. This is a description of a microcomposite. The XRD results previously reported indicate that
disorder of the clay has occurred during the blending process. In some cases, XRD measurements suggests the
formation of an intercalated system: when combined with the TEM results, it is likely that the best description of
these systems is a mixed immiscible-intercalated nanocomposite. It is evident that there is better dispersion of
the clay after annealing. This suggests that the combination of solution blending and annealing may lead to
nanocomposite formation.

Fig. 7. TEM image of PVC sodium clay nanocomposite, after annealing at 104°C for 24 hours.
Table 1. TGA Results of Solution Blending Nanocomposites.
Sample ID
10% Mass Loss 50% Mass Loss Char (%) 600°C
PVC-0-0
PVC-N2-35 (with additives)
PVC-Na clay-THF no annealing
PVC-Na clay-THF 104°C 24 hrs

273
266
252
266

336
321
307
311

26
22
20
21

Table 2. TGA Results of Dissolving and Dry blended Process Nanocomposites.
Sample ID
Dissolving PVC-30B clay-THF 0 hr
Dissolving PVC-30B clay-THF 104°C 24hrs
Dissolving PVC-30B clay-THF 104°C 48hrs
Dry Blended PVC-30B clay 104°C 24 hrs
Dissolving PVC-Na clay-THF 0 hr
Dissolving PVC-Na clay-THF 104°C 24 hrs
Dissolving PVC-Na clay-THF 104°C 48 hrs
Dry Blended PVC-Na clay 104°C 24 hrs

10% Mass Loss
236
246
255
263
240
295
293
270

50% Mass Loss
343
278
294
316
339
345
343
313

Char (%) 600°C
17
25
25
24
16
16
16
25

Thermogravimetric Analysis (TGA).

Table I reports the TGA results for solution blending of the sodium clay while Table 2 shows these results for dry
blending and dissolution of the sodium and organically-modified clay. Reported are the temperatures at which
10% mass loss occurs, a measure of the onset temperature of the degradation, the temperature at which 50%
degradation occurs, another indicator of the course of the degradation, and the percentage of material that is
non-volatile at 600°C, char.
For the sodium clay, it is observed that the onset temperature of the degradation as well as the temperature for
50% mass loss both decrease. The degradation of PVC proceeds by the loss of hydrogen chloride, leading to the
formation of double bonds in the polymer and it is an autocatalytic process. The production of nonvolatile
residue arises from cyclization reactions of these double bonds (26-28). The decrease in degradation

temperature means that the degradation is accelerated, but the fact that the fraction of nonvolatile residue is
decreased means that the formation of double bonds and the subsequent cyclization, or both, must be
repressed. When one considers that the char must contain the clay, in addition to PVC residues, the decrease in
char formation is remarkable. There are two cases, dissolution of the sodium clay with PVC in THF, followed by
annealing, where the onset temperature of the degradation is significantly increased, 20°C, and char formation
falls from 26% to 16%. These results are shown graphically in Fig. 8; there is no apparent difference between the
two annealing times. One can see that there is no hint of degradation until almost 300°C, a much higher
temperature than is usually seen for PVC systems.

Fig. 8. Effect of annealing on the TGA curves for PVC-sodium clay nanocomposites.
Table 3 Mechanical Properties of PVC-Clay Nanocomposites.
Sample ID
Tensile Strength
(MPa)
PVC-N2-0, dry mix
26.4
PVC-N2-0, dry mix, 104°c, 24 hrs
42.1
PVC-N2-0, dry mix, 104°C, 48 hrs
39.0
PVC-N2-0, THF, reflux 5 hrs
32.9
PVC-N2-35, THF , reflux, 5 hrs
7.8
PVC-30B clay-THF, reflux 5 hrs (with additives)
10.3
PVC-30B clay-THF, reflux 5 hrs, 90°C, 24 hrs annealing 9.5
(with additives)
PVC-30B clay-THF, reflux 5 hrs, 104°C, 24 hrs
8.8
annealing (with additives)
PVC-30B clay, dry mix (no additives)
21.2
PVC-30B clay-THF reflux 5 hrs (no additives)
26.4
PVC-30B clay-THF, reflux 5 hrs, 90°C, 24 hrs annealing 25.8
(no additives)
PVC-30B clay-THF, reflux 5 hrs, 104°C, 24 hrs (no
28.6
additives)

Modulus
(GPa)
1.33
1.53
1.69
1.52
0.15
0.07
0.13

Elongation
(%)
4.8
5.9
4.6
10.3
50.4
93.0
58.1

0.10

52.6

1.12
1.18
1.20

4.4
5.3
19.5

1.31

3.9

Mechanical Properties.
The % elongation, tensile strength and Young's modulus of these materials have been obtained and the results
are shown in Table 3. The tensile strength and modulus of a material obtained by dry mixing PVC with 2% of the
sodium clay increase significantly upon annealing. When this same composition is mixed by solution blending in
THF, these parameters are enhanced. This suggests that solution blending is more efficient than dry mixing.
Nanocomposite formation typically causes enhanced mechanical properties and these results strongly suggest

that a partially intercalated structure has been obtained. When the organic clay is used, one can see that the
presence of the stearates causes a decrease in both tensile strength and the modulus while annealing enhances
these.

CONCLUSIONS
Solution blending produces a mixed immiscible-intercalated nanocomposite. Annealing helps the intercalation
process as the molecules reorient. The observation of enhanced tensile strength and modulus supports the
formation of a partially intercalated material in some cases. Thermogravimetric analysis shows that the
degradation in some cases commences at higher temperatures and that the fraction of nonvolatile residue is
decreased. This loss of nonvolatile residue argues that the degradation pathway has been changed.
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